Supplementary Figure 2. Monosynaptic and multisynaptic viral tracing from
ChATpositive interneurons in the dorsal striatum. a, Viral tracing was initiated from ChAT-cre positive cells by cre-dependent expression of the TVA receptor (AAV2-DiO-G-TVA) delivered by stereotaxic injection into the dorsal striatum of ChAT-cre mice at postnatal day 11-12, followed by injection of glycoprotein-deficient rabies viruses pseudotyped with the EnvA envelope protein at postnatal day 18-19. The left panels show mCherry signal (red) derived from the rabies virus at start sites in the dorsal striatum of ChAT-cre mice. The green signal is tissue autofluorescence shown to clarify the anatomy. The dashed area is enlarged in the right panel to visualize transsynaptically labeled ILN neurons at two dorsal-ventral planes (red cells, plane 2 and 5). Example ILN neurons pointed by error heads are shown in insets (scale bars: 1mm, 500µm and 50µm). b, Multisynaptic tracing configuration: As in a but with an additional injection of AAV2-DiO-G and AAV2-cre-GFP into the intralaminar nuclei. Expression of cre-GFP is shown in green (left) and white in the enlargement (right). GFP-positive cells are detected in CL, PaF, Po and APT. By contrast, little of no expression of GFP signal is seen in LHb, LDDM or VL. Example ILN neurons pointed by error heads are shown in insets (scale bar, 50µm).
c, Quantitative comparison of thalamic cells marked by mono-versus multisynaptic tracing. For monosynaptic tracing, the relative distribution of mCherry-positive cells across thalamic nuclei was assessed (N=3 ChAT-cre mice, total of n=191 cells, displayed in gray). For multisynaptic labeling GFP/mCherry double-positive cells were quantified (N=6 ChAT-cre mice, n=195 cells, displayed in black). The plots show means ± SEM.
Supplementary Figure 3.
Retrograde multisynaptic tracing from dorsal striatum of D1R-cre, A2A-cre and ChAT-cre mice. a, Center of the viral injection sites for retrograde rabies tracing experiments in Fig. 3 . The anterior-posterior (AP) lateral-medial (LM) and dorso-ventral (DV) coordinates of the mCherrypositive infection site for mice analyzed in Fig. 3 (see the injection scheme in Fig. 3a) . b, Dimensions of the infected areas in the dorsal striatum were quantified. The primary infected areas cover the anterior dorsal-lateral striatum as well as the posterior dorsal-medial striatum. The average primary infected areas for D1R-and A2A-cre mice was slightly larger than for ChAT-cre mice (presumably due to the higher abundance of MSNs). c, mCherry (red) and GFP signal (green) derived from the rabies virus at start sites in the dorsal striatum and AAV2-cre-GFP injection into the ILN of D1R-cre mice and transsynaptically labeled ILN relay sites at two dorsal-ventral planes (plane 2 and 5). Left image shows an overview, right image with an enlargement of the dashed ILN area with the red mCherry signal overlaid on GFP signal, now represented in white. d, as in c, but for A2A-cre mice. e, as in c, but ChAT-cre mice. Scale bars: 1mm and 500µm, respectively. f, Average number of GFP and mCherry double-positive thalamic cells retrogradely labeled from the dorsal striatum in D1R-cre, A2A-cre, and ChAT-cre mice. Mean ± SEM. N=3 D1R-cre mice, N=6 A2A-cre mice, N=6 ChAT-cre mice. g, Relative distribution of GFP and mCherry double-positive cells (which represent the candidate relay neurons) across thalamic nuclei (N= 3 mice and n=220 neurons for D1R-cre mice, N=6 mice and n=468 neurons for A2A-cre, and N=6 mice and n=195 neurons for ChATcre mice). Note that the numbers plotted for ChAT-cre mice are the same as displayed in the comparison of mono-and multisynaptic labeling in Supplementary Figure 2c . Graphs display mean±SEM.
Supplementary Figure 4. Generation of a polyclonal rabies virus G protein antibody.
a, Western blot of HEK293T cells transfected with expression vectors for combinations of crerecombinase, cre-dependent rabies G protein (DiO-G-TVA-GFP), or cre-independent rabies G protein (G). Non-transfected cells (-) serve as a negative control. The blot was probed with guinea pig anti-rabies glycoprotein antibodies (anti-RV-G). Molecular weight markers are indicated on the left in kDa. b, Detection of rabies G protein in mouse cerebellum. AAV2-DiO-G-TVA-GFP viruses were injected into the cerebellar cortex of Pcp2-cre mice (expressing cre-recombinase selectively in Purkinje cells, N=3). The panels show confocal microscopy images of immunohistochemistry with guinea pig anti-RV-G and rabbit anti-GFP antibodies. Anti-RV-G antibodies label the Purkinje cell dendrites in the molecular layer (ML). As a negative control in lower two panels, part of the cerebellar cortex away from the viral injection site imaged with identical confocal settings (gain, offset, laser power) are shown. Scale bar: 100µm. c, Detection of rabies G protein in relay cells in the mouse intralaminar nucleus. The image shows cells in the PaF of mice were viral G protein was expressed using co-injection of AAV2-DiO-G and AAV2-cre (as used for multisynaptic tracing in Figure 3 GFP control and DCN hM4Di mice was calculated by dividing the total moving time by the frequency of movement bouts (N=11 and 10 mice, respectively, mean±SEM, unpaired t-test). b, The average duration of immobility segments was calculated by dividing the total non-moving time by the frequency of stopping events, (N=11 and 10 mice, respectively, mean±SEM, unpaired t-test). c,d Clockwise and counter-clock wise rotations of 360° in CNO-treated DCN GFP control and DCN hM4Di mice (N=11 and 10 mice, respectively, mean±SEM, unpaired t-test).
